Cardiovascular diseases (CVD) are growing contributors to global disease burdens, with epidemics of CVD advancing across many regions of the world which are experiencing a rapid health transition. Diet and nutrition have been extensively investigated as risk factors for major cardiovascular diseases like coronary heart disease (CHD) and stroke and are also linked to other cardiovascular risk factors like diabetes, high blood pressure and obesity. The interpretation of evidence needs to involve a critical appraisal of methodological issues related to measurement of exposures, nature of outcome variables, types of research design and careful separation of cause, consequence and confounding as the basis for observed associations. Adequate evidence is available, from studies conducted within and across populations, to link several nutrients, minerals, food groups and dietary patterns with an increased or decreased risk of CVD. Dietary fats associated with an increased risk of CHD include trans-fats and saturated fats, while polyunsaturated fats are known to be protective. Dietary sodium is associated with elevation of blood pressure, while dietary potassium lowers the risk of hypertension and stroke. Regular frequent intake of fruits and vegetables is protective against hypertension, CHD and stroke. Composite diets (such as DASH diets, Mediterranean diet, 'prudent' diet) have been demonstrated to reduce the risk of hypertension and CHD. Sufficient knowledge exists to recommend nutritional interventions, at both population and individual levels, to reduce cardiovascular risk. That knowledge should now be translated into policies which promote healthy diets and discourage unhealthy diets. This requires coordinated action at the level of governments, international organizations, civil society and responsible sections of the food industry.
. Such a scenario also exists within the developing countries, where women are increasingly affected by hypertension, stroke and CHD. In developing countries, where epidemiological transition has advanced, there is evidence of a progressive reversal of the social gradient, with the poor becoming the most vulnerable victims 4 . This parallels the pattern of the cardiovascular epidemics in the developed countries. Risk behaviours, risk factors and disease burdens in the developed countries were initially higher in the 'early adopters' (the higher social classes). However, these factors later become a mass phenomenon as the mediators of risk were abundantly produced for mass consumption and ultimately imposed the highest burdens of disease on the 'late adopters' (lower social classes), as the early adopters reduced their risk in response to new knowledge and new technologies. Evidence of such a reversal of social gradient is available from recent studies in several developing countries 5, 6 . In addition to the increasing incidence of CVD, the early age at which it manifests in these populations is also contributing to the high CVD burden. Thus in 1990, 46 .7% of CVD-related deaths in developing countries occurred below the age of 70 years, in contrast to only 22.8% in the high-income industrial countries 4 . The Global Burden of Disease Study projected that 6.4 million deaths would occur due to CVD in the developing countries in 2020, in the age group of 30-69 years 3 .
Diet and CVD: methodological issues in the study of causal associations
Issues related to study design Studies investigating the influence of diet on CVD or cardiovascular risk factors have employed a wide variety of study designs-ecological studies within and across populations, cross-sectional surveys, case-control studies (de novo or nested), cohort studies, community based demonstration projects randomised clinical trials and before -after type of metabolic studies. These differ widely in terms of their ability to (a) identify, avoid and adjust for confounding, (b) establish a temporal relationship of cause preceding the effect, (c) minimise bias, (d) provide a wide range of exposure, (e) ascertain composite endpoints, including fatal outcomes, (f) evaluate population attributable risk and (g) yield generalisable results. While ecological studies are highly vulnerable to the effects of multiple confounders, they do confer the advantage of enabling comparisons of populations across time and habitat. Cross-sectional surveys and case -control studies are mostly unsuited to study the temporal sequence and usually suffer from a 'survival bias' resulting from an inability to study fatal outcomes. They do, however, offer an early opportunity to examine associations and identify potential avenues for intervention related research. Observational cohort studies have the advantage of being able to evaluate long-term effects of dietary exposures and often provide a wide range of exposure, but are vulnerable to unknown confounders which cannot be adjusted for as well as possible measurement errors in dietary ascertainment. Effects of changes in dietary exposures occurring during the long period of observation are also difficult to evaluate. Demonstration projects provide a population laboratory to evaluate dietary interventions in real life settings but face methodological challenges from limited sample size, contamination and confounding. Clinical trials, if well designed, provide the best framework for studying associations, as free from the effects of bias and confounding as possible. However, they often evaluate interventions which are relatively short-term and introduced late in the natural history of disease and may not replicate the effects of long-term dietary exposures. Genetics now offers a possible alternative to clinical trials through 'Mendelian randomisation'. This approach takes into account that genotypic differences in the metabolism of food ingredients may cause lifelong differences in exposure to food components and their metabolites or to purported risk factors. It is a powerful way to establish causality without the need for prolonged follow-up 7 . These issues related to study design become relevant when interpreting the results of reported studies on diet and CVD and assessing their public health implications. Frequently, conclusions from studies employing weak designs are negated by the results emerging from methodologically stronger studies. Public policy and clinical practice must both be judiciously guided by credible evidence provided by scientifically stronger studies and not be misled by controversial results emerging from feeble study designs.
A related issue is the use of experimental animals. Although these are often referred to as 'animal models' their validity in predicting outcomes in humans is unclear. Lipid metabolism especially is species-specific, as exemplified by the inefficacy of cholesterol-lowering statin drugs in many animal species including monkeys 8 . Experiments in animals are, therefore, best reserved for elucidating mechanisms, and cannot be used to argue that a particular food will have a particular effect on CVD in humans.
Issues involving outcome variables
Ideally, disease related endpoints are preferable since they clearly demonstrate the benefits or risks of dietary exposures. In an exposure such as diet, effects may extend beyond cardiovascular outcomes. The need to evaluate impact of diet on total mortality and major comorbidities, therefore, becomes an imperative. It must also be recognised that dietary exposures which influence thrombotic pathways may have different effects on the risk of haemorrhagic stroke and thrombotic stroke, often in opposite directions. The need to differentiate the types of stroke in outcome evaluation is, therefore, clear and has important implications for populations, which differ in their stroke profiles. Similarly, selective benefits limited only to non-fatal outcomes, as in the case of CHAOS study which reported a benefit of vitamin E administration on non-fatal myocardial infarction 9 , strain scientific credulity, are seldom replicated and cannot influence either public health policy or clinical practice.
The ascertainment of disease related endpoints, as the primary outcome, has most often been attempted in large and long-term cohort studies, or in clinical trials conducted in population groups in whom high event rates were anticipated in a short or medium time frame. Thus, observational cohort studies investigating the long-term impact of diet on primary prevention of CVD frequently compete with secondary prevention trials. If the results are discordant, it is difficult to interpret whether the differences are due to methodological reasons of confounding or due to the fact that exposures occurred at different times and for variable periods in the natural history of the disease. It must, however, be recognised that pathological processes such as endothelial dysfunction, plaque instability, thrombosis and cardiac arrhythmias can be influenced even by short-term exposures.
Intermediate variables have been frequently utilised in studies evaluating the association of dietary constituents or dietary patterns to CVD. Most often, these are risk factors like blood pressure or plasma lipids. While the effects of diet on blood pressure constitute an acceptable basis for estimating potential impact on future cardiovascular events 10 , such an extrapolation may not be equally valid in the case of a variable like total plasma cholesterol. Similar changes in total plasma cholesterol may be associated with variable effects on levels of LDL and HDL cholesterol and on the ratio of total to HDL cholesterol. The impact on risk of atherosclerotic CVD may thus vary. The 25-year follow-up experience of the Seven Countries Study revealed that while the increase in relative risk of CHD for comparable levels of plasma cholesterol elevation was similar across diverse populations, the absolute risk of CHD varied widely at the same level of plasma cholesterol, possibly due to other dietary influences 11 . Even the effect on LDL cholesterol level may not suffice to confidently project the downstream impact on CVD. Dietary changes may influence LDL particle size differentially, as also the level of plasma triglycerides, with variable net effects on the atherogenicity of the plasma lipid pool. Simple extrapolations to benefits on coronary artery disease may not be possible in the complex area of diet related plasma and tissue lipid changes. Plasma lipids, as intermediate variables, could not also explain the degree of cardiovascular protection conferred by the Mediterranean diet in the Lyon Diet Heart Study 14 . While studies of intermediate variables are useful in identifying mechanistic pathways of dietary harm or benefit and plasma cholesterol has served well so far to explain much of the coronary risk associated with certain diets, there is a need for methodologically strong studies which relate dietary patterns or dietary interventions to hard end points such as total mortality, cardiovascular mortality and combined fatal and non-fatal cardiovascular events.
Issues involving the exposure variables
The types of dietary exposure assessed for associations with CVD, have varied from specific nutrients (such as saturated fat) to dietary items (such as fish) to food groups (such as fruits and vegetables) to dietary patterns (such as 'Mediterranean' diet or 'Adventist' diet) and composite dietary interventions (e.g. the DASH diet). The scientific method often emphasises a reductionist approach to investigations of causality. Such an approach has inherent limitations in the area of diet, because multiple interactions among many nutrients are likely to determine the physiological effects and pathological outcomes much more than the individual effects of an isolated nutrient. The failure of anti-oxidants, when administered as pills, to favourably influence cardiovascular outcomes in clinical trials does not negate a protective role for their primary food sources, as suggested by ecological and observational studies. On the other hand, identification of active components is often the way to extrapolate from one particular study and population to another, since the definition and pattern of 'vegetable' intake may vary from one country to another.
The strengths and limitations of various methods of collecting accurate food consumption data are well recognised 12 . Questionnaire methods of ascertaining information related to habitual food intake pose problems of validity and reproducibility even within well defined populations but these problems are likely to be magnified when such instruments are applied across different cultures. Even if the nutrient composition of self-reported diets is accurately estimated, different cooking methods may alter the final bioavailability of those nutrients as actually consumed. The need for valid and reproducible biomarkers is, therefore, important when studies of specific nutrients are proposed. For example, adipose tissue fatty acid composition is a suitable biomarker for habitual type of dietary fat intake 13 . There may, however, be technical and financial constraints which limit the use of such biomarkers in large epidemiological studies.
A casual enquiry needs to recognise the lag time effect, wherein a long period of exposure to dietary variables is required before effect is evident on outcome variables (especially disease related end points of atherosclerotic vascular disorders). Short-term studies may be incapable of identifying true effects even when they exist. This is clearly illustrated by trials evaluating the effect of sodium restriction on blood pressure, where benefit was demonstrated only in trials in which the duration of exposure was at least 5 weeks 14 . The dose of exposure is another critical variable in an area like diet, where many of the nutrients are physiological requirements at a certain level but may pose risk of cardiovascular dysfunction and disease at other levels. The relationships may vary from linear to J-shaped or threshold, for different variables. Ascertainment of dose-related effects is essential, whether the exposure is salt, alcohol or fish.
Issues related to diet as an independent variable
Unhealthy dietary behaviours often occur in association with other unhealthy behaviours such as physical inactivity and smoking. Furthermore, unhealthy dietary practices such as high consumption of saturated fats, salt and refined carbohydrates as well as low consumption of fruit and vegetables tend to cluster together. In contrast, persons who habitually adopt one healthy dietary practice are more likely to adopt other healthy dietary habits as well as practice regular physical activity and abstinence from smoking. Dietary behaviours may also reflect patterns influenced by social class and may be influenced by stress levels. Dissociating the specific effects of individual dietary components from other dietary components, physical activity levels and other behaviours becomes difficult outside the setting of a carefully controlled clinical trial. In observational studies, the question arises whether some dietary practices are merely a surrogate for other dietary practices or for a composite of multiple health behaviours. Whether diet should be considered in dissociation from physical activity or should preferably be studied in combination is also an issue for observational research.
The effects of diet on multiple cardiovascular risk factors, ranging from body weight to blood lipids and blood pressure to thrombotic mechanisms, also poses the question of when and how far to adjust for these variables in evaluating the relationship of diet to CVD. Since many of these are intermediate variables linking diet to CVD, adjustment to exclude their effect would underestimate the effect of diet. However, such variables are also influenced by factors other than diet. In such cases, the decisions related to adjustment should be carefully considered.
Nutrients and CVD

Dietary fats
The relationship between dietary fats and CVD, especially CHD has been extensively investigated, with strong and consistent associations emerging from a wide body of evidence accrued from animal experiments, as well as observational studies, clinical trials and metabolic studies conducted in diverse human populations. This relationship was initially considered to be mediated mainly through the atherogenic effects of plasma lipids (total cholesterol, lipoprotein fractions and triglycerides). The effects of dietary fats on thrombosis and endothelial function as well as the relationship of plasma and tissue lipids to the pathways of inflammation have been more recently understood 13 . Similarly, the effects of dietary fats on blood pressure have also become more evident through observational and experimental research.
The association of plasma total cholesterol and its lowdensity lipoprotein sub fraction (LDL cholesterol) has been consistently demonstrated across several populations, with the Seven Countries Study offering strong evidence through within-population cohort experience and inter-population ecological comparisons 14 . The protective association of high-density lipoprotein (HDL) fraction of plasma cholesterol has also been well identified and the ratio of total to HDL cholesterol has emerged as a strong predictor of the risk of CHD. Plasma triglycerides too have been directly associated with the risk of atherosclerotic vascular disease and thrombotic events. The effect of various dietary fats on these plasma lipids has constituted the key link in the causal pathway that connects diet to CVD 15 . Cholesterol in the blood and tissues is derived from two sources: diet and endogenous synthesis. Dairy fat and meat are major sources. Egg yolk is particularly rich in cholesterol but unlike dairy and meat does not provide saturated fatty acids (SFAs). Dietary cholesterol raises plasma cholesterol levels 16 . Although both HDL and LDL increase, the effect on the total/HDL ratio is still unfavourable 17 , but small. Observational evidence on an association of dietary cholesterol intake with CVD is contradictory 10, 11 . The upper limit for dietary cholesterol intake has been prescribed, in most guidelines, to be 300 mg/d. However, there is no requirement for dietary cholesterol and it is advisable to keep the intake as low as possible. If intake of dairy fat and meat are controlled then there needs to be no severe restriction of egg yolk intake, although some limitation remains prudent.
Fatty acids are grouped into three classes-SFAs, monounsaturated fatty acids (MUFAs) and polyunsaturated fatty acids (PUFAs). While such a classification is useful in providing a structural grouping, it tends to oversimplify the effects of dietary fats. Individual fatty acids, within each group, are now known to have differing effects on lipids, lipoproteins and platelet-vascular homeostasis. SFA and MUFA can be synthesised in the body and hence are not dietary essentials. PUFA can be subdivided into n-6 and n-3 PUFA, derived from linoleic acid (LA) and a-linolenic acid (ALNA), respectively. These are essential fatty acids, since they cannot be synthesised in the body 18, 19 .
Saturated fatty acids
SFAs as a group raise total and LDL cholesterol, but individual SFAs have different effects. Myristic and lauric acids have greater effect than palmitic acid, but the latter is more abundant in food supply. The plasma cholesterol raising effects of these three SFAs is higher when combined with high cholesterol diets. Stearic acid has not been shown to elevate blood cholesterol and is rapidly converted to oleic acid (OA) in vivo. Metabolic (feeding) studies demonstrate a marked elevation of both HDL and LDL cholesterol induced by SFA diets 18 -20 . Replacement of saturated fatty acids by polyunsaturated fat reduces the total to HDL cholesterol ratio but replacement by carbohydrates does not. Also, tropical fats rich in lauric acid (C12) raise total cholesterol strongly, but because of their specific effect on HDL, the ratio of total to HDL cholesterol falls. Thus, effects on blood lipids can be variable, depending on which blood lipids are studied, and we need data on actual outcomes to determine the true effects of fats on CHD. The relationship of dietary saturated fat to plasma cholesterol levels and to CHD was graphically demonstrated by the Seven Countries Study involving 16 cohorts, in which saturated fat intake explained 73% of the total variance in CHD across these cohorts 14 . In the Nurses Health Study 19 , the effect of saturated fatty acids was much more modest, especially if saturates were replaced by carbohydrates. The most effective replacement for saturated fatty acids in terms of CHD outcome is by PUFAs, i.e. LA. This agrees with the outcome of large randomised clinical trials, in which replacement of saturated and trans fats by polyunsaturated vegetable oils effectively lowered CHD risk 20 -22 .
Trans-fatty acids (t-FAs) t-FAs are geometrical isomers of unsaturated fatty acids that assume a saturated fatty acid-like configuration. Partial hydrogenation, the process used to create t-FA, also removes essential fatty acids such as LA and ALNA. Metabolic studies have demonstrated that t-FAs render the plasma lipid profile even more atherogenic than SFA, by not only elevating LDL cholesterol to similar levels but also decreasing HDL cholesterol 23, 24 . As a result, the ratio of LDL cholesterol to HDL cholesterol is significantly higher with a t-FA diet (2.58) than with a SFA diet (2.34) or an OA diet (2.02). This greatly enhances the risk of CHD (Fig. 2) . Evidence that intake of t-FA increases the risk of CHD initially became available from large population based cohort studies in US 25, 26 and has recently been corroborated in an elderly Dutch population 27 . Levels of t-FA in a biochemical analysis of replicated baseline food composites correlated with the risk of coronary death in the cohorts of the Seven Countries Study. Most t-FAs are contributed by industrially hardened oils, but the dairy and meat fats of ruminants are also a source. Whether these two sources have the same effect on CHD risk is unclear, but reductions in ruminant fats are already advisable for other reasons. Eliminating t-FAs from the diet would be an important public health strategy to prevent CVD. Since these are commercially introduced agents into the diet, policy measures related to the food industry would be required along with public education. t-FAs have been eliminated from retail fats and spreads in a large part of the world, but deep-fat fried fast foods and baked goods are a major and increasing source 28 .
Monounsaturated fatty acids
The only nutritionally important MUFA is OA, which is abundant in olive and canola oils and also in nuts. The epidemiological evidence related to MUFA and CHD is derived from studies on the Mediterranean diet, as well as from the Nurses Health Study and other similar studies, which investigated the association and control of confounding factors 29 . MUFAs have been shown to lower blood glucose and triglycerides in type II diabetics and may decrease susceptibility of LDL to oxidative modification.
Polyunsaturated fatty acids
PUFAs are derived from Dietary LA (n-6 PUFAs) and dietary ALNA (n-3 PUFAs). The important n-6 PUFAs are arachidonic acid (AA) and dihomogammalinolenic acid (DHGLA), while the important n-3 PUFAs are eicosapentaenoic acid (EPA) and docasahexaenoic acid (DHA). Eicasanoids derived from AA have opposing metabolic properties to those derived from DHA. A balanced intake of n-6 and n-3 PUFAs is, therefore, essential for health.
The biological effects of n-3 PUFAs are wide ranging involving lipids and lipoproteins, blood pressure, cardiac function, arterial compliance, endothelial function, vascular reactivity and cardiac electrophysiology as well as potent anti-platelet and anti-inflammatory effects including reduced neutrophil and monocyte cytokine production 13, 30 . Recent data have also shown that EPA and DHA have differential effects on many of these. DHA appears to be more responsible for the beneficial effects of fish and fish oils on lipids and lipoproteins, blood pressure, heart rate variability, glycaemic control, in comparison to EPA, while a mixture of DHA and EPA significantly reduced platelet aggregation in comparison to ALNA in vitro 13, 31 . The very-long chain n-3 PUFAs powerfully lower serum triglycerides, but they raise LDL cholesterol 32 . Therefore, their effect on CHD is probably mediated through pathways other than cholesterol.
Much of the epidemiological evidence related to n-3 PUFAs is derived from the study of fish consumption in populations or interventions involving fish diets in clinical trials. Fish oils were, however, used in the GISSI study of 11,300 survivors of myocardial infarction 33 . In this factorial design, fish oil (1 g/d) and vitamin E (300 mg/d) were compared, alone and in combination, to placebo. After 3.5 years of follow-up, the fish oil group had a statistically significant 20% reduction in total mortality, 30% reduction in cardiovascular death and 45% decrease in sudden death. While most published studies do not indicate that dietary n-3 PUFA prevent restenosis after percutaneous coronary angioplasty or induce regression of coronary atherosclerosis, one study reported that occlusion of aortocoronary venous bypass grafts was reduced after 1 year by daily ingestion of 4 g fish oil concentrate 34 . The Lyon Heart Study incorporated an n-3 fatty acid (ALNA) into a diet altered to develop a 'Mediterranean diet' intervention 9 . In the experimental group, plasma ALNA and EPA increased significantly and the trial reported a 70% reduction in cardiovascular mortality at 5 years in its initial report. Total and LDL cholesterol were identical in the experimental and control groups, suggesting that thrombotic and perhaps arrhythmic events may have been favourably influenced by n-3 PUFA. Since the diet altered many other variables, such as fibre and anti-oxidants (by increasing fruit and vegetable consumption), direct attribution of benefits to n-3 PUFA becomes difficult to establish.
The effect of different fatty acids on cardiac arrhythmias has been an area of great interest. Diets rich in saturated fatty acids increase the risk of ventricular fibrillation and sudden cardiac death in primates. A recent population based case -control study, using biomarkers, revealed a modest association of t-FAs in general and a strong association of trans isomers of LA in particular, with primary cardiac arrest in humans 35 . Several studies in different animal models, primate and rodent, have shown that n-3 PUFA are protective against cardiac arrhythmias, especially ventricular fibrillation 36 . It has been suggested that the fall in CHD mortality in USA and Australia, since 1967, is probably attributable to an increase in polyunsaturated fat consumption in both countries since 1960 37 . The decline in CHD mortality in the Zutphen cohort has similarly been attributed to a decreased consumption, over time, of t-FAs
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The proportions of SFA, MUFA and PFA as constituents of total fat intake and total energy consumption have engaged active attention, in view of the strong relationship of these fatty acids to the risk of CVD, especially CHD. The reduction of SFA in the diet has been widely recommended, but its replacement remains an area of debate as to whether the place of reduced SFAs should be taken by MUFA, PUFA or carbohydrate. Both MUFA and PUFA improve the lipoproteins profile, although PUFAs are somewhat more effective. In view of this, recent US dietary recommendations, suggested that SFA should be reduced to 7-8%, MUFA should be increased to 13-15% and PUFA raised to 7-10% of daily energy, with the total fat contributing to no more than 30% of all calories consumed 29, 38 . These may need to be adjusted for populations who consume less quantities of total fat, so as to ensure an adequate intake of MUFA and PUFA even under those circumstances.
The total quantity of fat consumed, as a proportion of daily energy intake, has not shown a relation to CVD that is independent of the SFA content. It has now generally been agreed that the type of fats consumed in diet is more important than the total amount of fat consumed 39 . The compatibility of high-fat Mediterranean diets (with total fat contributing . 30% of calories) with coronary protection has been cited as supportive evidence. While the emphasis on the type of fat is well placed, it must be recognised that high-fat diets are also high in energy. Whether this contributes substantially to overweight is a subject of much debate 40 . While the emphasis in dietary recommendations should be on using the healthier fats in preference to unhealthier fats, the total fat may be restricted to , 30% of all energy in most populations and individuals. However, individuals who regularly undertake vigorous physical activity may consume higher levels of fat in their daily diets (up to 35%).
Enhancing the nutritional quality of dietary fat consumption, to provide greater cardiovascular protection, may be attempted by decreasing the sources of saturated fats and eliminating t-FAs in the diet, increasing the consumption of foods containing unsaturated fatty acids (both MUFA and PUFA) and decreasing dietary cholesterol consumption. Modification of cooking oils either through appropriate admixture of different oils 41 or through genetic modification of oilseed crops 42 may provide methods for improving the quality of dietary fat consumed through edible oils.
Carbohydrates
The relationship of dietary carbohydrates to CVD appears to be mediated through indirect mechanisms: contribution to total energy and its effect on overweight and obesity; influence on central obesity; effects on plasma lipids, especially triglycerides and effects on glycaemic control. The balance between carbohydrates and fat as sources of energy as well as the fibre component of the diet are also areas of interest while considering this relationship. In feeding experiments, an increase in dietary energy from carbohydrates is usually associated with a moderate increase in fasting plasma triglyceride levels in the first few weeks but these return to near original levels in the first few weeks. Epidemiologically, high-carbohydrate intakes are associated with low plasma cholesterol and variable plasma triglyceride concentrations 43 . The effect of a high-carbohydrate diet on HDL cholesterol and thereby on the total to HDL cholesterol ratio as well as on the particle size of LDL are matters of interest while considering the influence on vascular function and risk of CVD. High-carbohydrate diets appear to reduce HDL cholesterol levels and increase the fraction of small dense LDL, both of which may impact adversely on vascular disease. This dyslipidemic pattern is consistent with the elevation of plasma triglycerides. There is as yet no clear evidence that the risk of CVD is altered independently by the carbohydrate levels in the diet. The glycaemic index of foods might also be a determinant of the extent to which carbohydrates can influence the glycaemic status. Carbohydrate diets with high-glycaemic index might adversely impact on glucose control, with associated changes in plasma lipids 44, 45 .
Dietary fibre
Dietary fibre is a heterogenous mixture of polysaccharides and lignin that cannot be degraded by the endogenous enzymes of vertebrate animals 46 . Watersoluble fibres include pectins, gums, mucilages and some hemicelluloses. Insoluble fibres include cellulose and other hemicelluloses. Most soluble fibres reduce plasma total and LDL cholesterol concentrations, as reported by several trials 47 . Pectins, psyllium, gums, mucilages, algal polysaccharides and some hemicelluloses lower total and LDL cholesterol levels without affecting HDL cholesterol, the reductions in total cholesterol being usually in the range of 5-10%. Human experiments have clearly shown that oat fibre tends to lower plasma total and LDL cholesterol but wheat fibre does not. Rice bran and barley may also lower cholesterol 48 . Fibre consumption predicted insulin levels, weight gain and cardiovascular risk factors like blood pressure, plasma triglycerides, LDL and HDL cholesterol and fibrinogen more strongly than other dietary components in the CARDIA cohort study of young adults 49 . However, fibre intake may be confounded with many other determinants of cardiovascular health.
Between 1996 and 2001, five very large cohort studies in the USA, Finland and Norway have all reported that subjects consuming relatively large amounts of whole grain cereals have significantly lower rates of CHD 48, 50 . High intake of fibre from cereal sources was associated with a reduced risk of CHD in the Nurses Health Study 50 and was inversely associated with the risk of hypertension in the Health Professionals Follow-up Study 51 . Available evidence supports a recommendation for consumption of about 15 g/1000 kcal of fibre 47 . Since some of the reported benefits may have risen from other dietary components occurring in association with fibre in natural foods, dietary consumption of high-fibre rather than isolated fibre foods should be recommended. Addition of wheat or cereal bran may be considered, where necessary, to supplement natural foods in order to attain the recommended dietary intake.
Anti-oxidants
The oxidation of LDL by oxygen free radicals results in the unregulated uptake of modified LDL by macrophages in arterial walls, accelerating the atherosclerotic process. Anti-oxidant nutrients, which can directly scavenge free radicals, include a-tocopherol (vitamin E isomer) and ascorbic acid (vitamin C), which have shown anti-oxidant activity both in vitro and in vivo, as well as b-carotene (a provitamin A carotenoid) which has displayed antioxidant activity in vitro 52 . These mechanisms suggested that increased dietary intake or supplementation of these nutrients would be protective against atheroslerotic vascular disorders. This was supported by evidence from observational studies for vitamin E and b-carotene, but results of clinical trials employing supplements have been disappointing.
Observational cohort data suggest a protective role for carotenoids. In a meta-analysis, the pooled relative risk reduction for cardiovascular death, in those who ate diets rich in b-carotene, was 31% (95% CI: 41-20%), when dietary and blood carotene levels were measured to compare high and low consumers. The randomised trials, in contrast, reported a moderate adverse effect of b-carotene supplementation, with a relative increase in the risk of cardiovascular death of 12% in a meta-analysis of four trials 53 . Cancer risk was also increased. Several large cohort studies showed significant reductions in the incidence of cardiac events in men and women taking high-dose vitamin E supplements 52 . However, The HOPE trial, a definitive clinical trial relating vitamin E supplementation to cardiovascular outcomes, revealed no effect of vitamin E supplementation (at 400 IU/d, for a mean follow-up of 4.5 years) on MI, stroke or death from cardiovascular causes in men or women 54 .
Other trials too failed to demonstrate a cardioprotective effect of vitamin E supplements 55 . The conflict between diet based observational studies and clinical trials employing supplements may arise because of one or more explanatory factors: confounding, interactions/synergistic activity (among anti-oxidants; with other nutrients), isomers with differing activity in food compared to supplements, other associated protective elements in natural foods (e.g. flavonoids, phytoestrogens) and/or temporal dissociation of anti-oxidant blood levels from fat intake in meals, when administered as once a day pills. While the failure of pill supplementation does not necessarily exclude protective effects of dietary antioxidants, current evidence does not support supplementation of any of these anti-oxidant vitamins for prevention of CHD. However, intake of their primary food resources, especially fruit and vegetables, may be encouraged.
Folate
The relationship of folate to CVD has been mostly explored through its effect on homocysteine, which has been incriminated as an independent risk factor for CHD and probably stroke 56 -59 . Folic acid is required for the methylation of homocysteine to methionine. Reduced plasma folate has been strongly associated with plasma elevated plasma homocysteine levels and folate supplementation has been demonstrated to decrease those levels 60 . However, the role of homocysteine as an independent risk factor for CVD has been subject to debate, in view of the data from several prospective studies which did not find this association to be independent of other risk factors 61 . It has also been suggested that elevation of plasma homocysteine is a consequence and not a cause of atherosclerosis, wherein impaired renal function due to atherosclerosis raises plasma homocysteine levels 62 . Whether homocysteinaemia is the cause or consequence of atherosclerosis, its role in promoting thrombosis makes an intervention with folate appear attractive. There is also recent evidence that suggests that homocysteinaemia results in endothelial dysfunction, an effect that is reversed by oral folate supplementation 63, 64 . An independent antioxidant role for folate has also been postulated 82 . Data from the Nurses' Health Study showed that folate and vitamin B6, from diet and supplements, conferred protection against CHD (fatal and non-fatal events combined) and suggested a role for their increased intake as an intervention for primary prevention of CHD 65 . Food grain fortification with folate and cyancobalamin has also been recommended as a cost-effective measure for CHD prevention 66 . Recommendations related to folate supplementation must, however, await the results of ongoing clinical trials. Dietary intake of folate through natural food sources may be encouraged in the meanwhile, especially in individuals at a high risk of arterial or venous thrombosis and elevated plasma homocysteine levels 67 .
Flavonoids and other phytochemicals
Flavonoids are polyphenolic anti-oxidants which occur in a variety of foods of vegetable origin, such as tea, onions and apples. Data from several prospective studies indicate an inverse association of dietary flavonoids with CHD 68 . A benefit on stroke risk has also been reported 69 . However, confounding may be a major problem and may explain conflicting results of observational studies on flavonoids and CHD. Fruits and vegetables also contain other phytochemicals that may have protective properties, including isothiocyanates and indoles (found in cruciferous vegetables), sulphides (found in onions and garlic), terpenes (found in citrus oils) and phytoestrogens 47 . While their role in relation to CVD risk is not clearly established and trial evidence related to garlic supplements is generally not supportive, their consumption in the natural food form may have benefits, which need to be evaluated.
Minerals: blood pressure and CVD
Sodium
High blood pressure (HBP) is a major risk factor for CHD and both forms of stroke (ischaemic and haemorrhagic). The relative risk of CVD for both systolic and diastolic blood pressures, operates in a continuum of increasing risk for rising pressure but the absolute risk of CVD is considerably modified by co-existing risk factors 70 .
Of the many risk factors associated with HBP, the dietary exposure most investigated has been daily sodium consumption. It has been studied extensively in animal experimental models, in epidemiological studies, controlled clinical trials and in population studies on restricted sodium intake 70 . Salt or sodium intake has been directly correlated with mean blood pressure levels and prevalence of hypertension in many populations. Comprehensive epidemiological evidence was provided by the INTERSALT Study 71, 72 which investigated the relationship of 24 hr urinary electrolyte excretion to blood pressure in 52 population groups across 32 countries, using standardised methodology to provide comparable data. In adults aged 20 -59 years, there was a significant positive relationship between urinary sodium excretion and blood pressure across the 52 population samples. Further, it was also observed that in four of these populations in whom the mean 24 hr urinary sodium excretion was lower than 100 mmol/d, systolic blood pressure did not rise with age 73 . The consequences of increased sodium consumption accompanying urbanization, on blood pressure levels, was demonstrated in the Kenyan Luo Migration Study wherein rural farmers who traditionally consumed a low salt diet were observed to have an elevation of blood pressure when they migrated to an urban environment. These migrants exhibited blood pressure levels higher than rural controls and comparable to levels observed in western populations 74 . This rise in blood pressure was related to an increase in salt consumption and a reduced dietary intake of potassium. An overview of observational data in populations suggested that a difference in sodium intake of 100 mmol/d could be associated with average differences in systolic blood pressure of 5 mmHg at age 15-19 years and 10 mmHg at age 60 -69 years 75 . Diastolic blood pressures are reduced by about half as much, but the association increases with age and the magnitude of the initial blood pressure. It was estimated that a universal reduction in dietary intake of salt by 50 mmol/d would lead to a 50% reduction in the number of people requiring anti-hypertensive therapy, a 22% reduction in number of deaths due to strokes and a 16% reduction in number of deaths from CHD 75 .
A recently reported cohort study in Finland prospectively followed up 1173 men and 1263 women aged 25 -64 years, with complete data on 24 hr urinary sodium excretion and cardiovascular risk factors 76 . The hazard ratios for CHD, CVD and all cause mortality, associated with a 100 mmol increase in 24 urinary sodium excretion, were 1.51 (95% CI 1.14 -2.00), 1.45 (1.14-1.84) and 1.26 (1.06 -1.50), respectively, in both men and women. The frequency of acute coronary events, but not acute stroke events, rose significantly with increasing sodium excretion. Disaggregated analyses revealed significant risk ratios in men only and revealed that sodium predicted mortality in men who were overweight. Despite the limitations of such subgroup analyses, the overall association of increasing sodium excretion with CVD and all cause mortality further support the evidence linking increased sodium intake to adverse cardiovascular health outcomes.
Several clinical intervention trials, conducted to evaluate the effects of dietary salt reduction on blood pressure levels in hypertensive and normotensive individuals, have been systematically reviewed 14, 77 . Many of the earlier trials were of limited size, short duration and deficient in statistical power. Based on an overview of 32 methodologically adequate trials (22 in hypertensive subjects and 12 in normotensive persons), Cutler et al.
14 concluded that a daily reduction in intake of sodium by 70 -80 mmol was associated with a lowering of blood pressure both in hypertensive and normotensive individuals, with systolic and diastolic blood pressure reductions of 4.8/1.9 mmHg in the former and 2.5/1.1 mmHg in the latter. Clinical trials have also demonstrated the sustained blood pressure lowering effects of sodium restriction in infancy 78 , as well as in the elderly in whom it provides a useful nonpharmacologic therapy 79 . The results of low sodium-DASH diet trial 80 further strengthen the conclusion that reduction of daily sodium intake, through salt restricted diets, lowers blood pressure effectively and is additive to the benefits conferred by the DASH diet. This trial revealed that low sodium diets, with 24 hr sodium excretion levels around 70 mmol/d, are effective and safe. Sodium consumption has also been linked to the presence of left ventricular hypertrophy 81, 82 and restricted sodium intake has been demonstrated to result in regression of this important indicator of cardiovascular risk 81, 82 . Of three population studies on restriction of salt, two (the Portuguese Salt Trial and the Tianjin trial in China) revealed significant reductions in blood pressure in the intervention group, while the third (the Belgian Salt Intervention Trial) did not reveal success because of difficulties in reducing salt consumption 83 -85 . Animal models as well as ecological associations derived from the INTERSALT suggest a direct relationship between sodium consumption and the risk of stroke, though the methodology employed in these studies is not strong 86, 87 . Based on the observational and trial data so far available, it would be justified to recommend a daily salt intake of less than 5 g/d 80 . Such an advice would be appropriate even in tropical climates, as sodium homeostasis regulates sodium excretion in sweat and urine without adverse effects under such conditions. Potassium Cardioprotective effects of dietary potassium have been hypothesised as the basis for low CVD rates in populations consuming 'primitive' diets and in vegetarians in industrialised cultures 88 . The INTERSALT study provided evidence of an inverse association between urinary potassium excretion and blood pressure levels, across diverse populations 71 . Migrant studies too revealed a rise in blood pressure when diets changed to a lower potassium and higher sodium intake 74 . A protective effect of potassium on blood pressure was suggested by clinical studies reporting that severe shortterm potassium restriction induces salt sensitivity in normotensive humans 89 , well as the blood pressure lowering effect of potassium supplements to the diet (ranging from 24 to 104 mmol/d) in hypertensive subjects 88 . Whelton et al. concluded, from a meta-analysis of randomised controlled trials, that potassium supplements reduced mean blood pressures (systolic/diastolic) by 1.8/1.0 mmHg in normotensive subjects and 4.4/2.5 mmHg in hypertensive subjects 90 . An increase in dietary intake of potassium, from approximately 60 -80 mmol/d was shown to be inversely and significantly related to the incidence of stroke mortality in women 91 . While dietary potassium has been shown to have protective effects on blood pressure and CVD, there is no evidence to suggest that long-term potassium supplements should be administered for cardiovascular protection. The beneficial effects of fruit and vegetables recommend their regular use in daily diets at a level that should assure an adequate intake of dietary potassium.
Calcium and magnesium
A meta-analysis of studies involving calcium supplements reveal modest effects on blood pressure. The estimated blood pressure reduction was 2.1 mmHg for systolic blood pressure and 1.1 mmHg for diastolic blood pressure 92 . A review of 29 studies of magnesium was inconclusive due to methodological problems but suggested that there was no negative association of blood pressure with magnesium 93 . There is presently no evidence to recommend public health or clinical interventions involving the use of these minerals for cardiovascular protection in populations or individuals, other than in the form of a balanced diet providing an adequate daily intake.
Food items and food groups
Fruits and vegetables While the consumption of fruit and vegetables has been widely believed to promote good health, evidence related to their protective effect has only been presented in recent years 94 -96 . A systematic review reported that nine of ten ecological studies, two of three case -control studies and six of sixteen cohort studies found a significant protective association for CHD with consumption of fruit and vegetables or surrogate nutrients 96 . For stroke, three of five ecological studies and six of eight cohort studies found a significant protective association 96 .
A 5-year follow-up study of 39,876 female health professionals 97 , observed a significant inverse association between fruit and vegetable intake and CVD risk. For increasing quintiles of total fruit and vegetable intake, the relative risks were 1.0, 0.78, 0.72, 0.68 and 0.68. After excluding participants with a self-reported history of diabetes, hypertension or high cholesterol at baseline, the multi-variate adjusted relative risk was 0.45 when extreme quintiles were compared (95% CI: 0.22, 0.91). In a 12-year follow-up of 15,220 male physicians in United States 98 , men who consumed at least 2.5 servings of vegetables per day were observed to have an adjusted relative risk of 0.77 for CHD, compared with men in the lowest category (, 1 serving per day).
Combining analyses of data from two large prospective cohort studies of women and men, respectively, Joshipura et al. 6 reported that overall fruit and vegetable consumption were inversely related to the risk of ischaemic stroke after adjusting for confounders 99 . Assessed as a continuous trend, an increment of 1 serving per day was associated with 6% lower risk of ischaemic stroke among men and women combined. When analysed separately for the type of fruit and vegetables, the lowest risks were observed for high consumption of cruciferous vegetables such as Brussels sprouts, cabbage and cauliflower, green leafy vegetables, citrus fruits, vitamin C-rich fruits and vegetables.
The effects of increased fruit and vegetable consumption on blood pressure alone or in combination with a low-fat diet, were assessed in the DASH trial 100 . While the combination diet was more effective in lowering blood pressure, the fruit and vegetable diet too lowered the blood pressure in comparison to the control diet (2.8 mmHg systolic and 1.1 mmHg diastolic). Such reductions, while seeming modest at the individual level, would result in a substantial reduction in population wide risk of CVD by shifting the blood pressure distribution.
Fish
Most, but not all, population studies have shown that fish consumption in populations is associated with a reduced risk of CHD 101 -103 . A systematic review concluded that the discrepancy in the studies may be due to differences in the populations studied, with only high-risk individuals benefiting from increasing their fish consumption 103 . It was estimated that, in high-risk populations, an optimum fish intake estimated at 40 -60 g/d would lead to approximately a 50% reduction in death from CHD. In the diet and reinfarction trial, 2 year mortality was reduced by 29% in survivors of a first myocardial infarction in persons receiving advice to consume fatty fish at least twice a week 104 . While the protective effects of fish on CHD are principally mediated by n-3 PUFA, the contribution of other constituents of fish cannot be ruled out. The effect of dietary fish on the risk of stroke has been investigated in cohort studies, with conflicting results on the risk of ischaemic stroke 105, 106 . A recent study reported that fish consumption is associated with a reduced risk of death from all causes as well as CHD and stroke mortality, using data from 36 countries 107 .
Nuts
Five large epidemiological studies have, thus far, demonstrated that frequent consumption of nuts was associated with decreased risk of CHD, the best known among them being the Adventist Health Study 108 -111 . The relative risk ranged from 0.43 to 0.82 for subjects who consumed nuts more than 5 times/week compared to those who never consumed nuts. An inverse dose -response relationship was demonstrated between the frequency of nut consumption and the risk of CHD, in men as well as in women. Most of these studies considered nuts as a group, combining many types of nuts.
The effect of specific nuts on lipid and lipoprotein endpoints were evaluated in several clinical studies. The nuts studied to date include walnuts, almonds, legume peanuts, macadamia nuts, pecans and pistachio nuts 108 . Collectively, these clinical studies indicate that inclusion of nuts in a lipid-lowering diet has favourable effects, but do not provide unequivocal evidence of an additive effect of nuts to the effects of a low saturated fat diet per se. The fatty acid profile of nuts (high in unsaturated fatty acids and low in saturated fatty acids) contributes to cholesterol lowering by altering the fatty acid composition of the diet as a whole. Nuts are also a rich source of dietary fibre. It must, however, be recognised that the high-fat content of nuts makes them high in calorie content and advice to include nuts in the diet must be tempered in accordance with the desired energy balance. While further research is needed to characterise the independent protective effects of nuts against CVD and identify the mechanisms of such protection, available evidence suggests that nuts should be recommended as part of an energy appropriate healthy diet which is intended to reduce the risk of CHD.
Soy
Several trials indicate that intake of soy has a beneficial effect on plasma lipids 112, 113 . A composite analysis of 38 clinical trials found that an average consumption of 47 g of soy protein a day led to a 9% decline in total cholesterol and a 13% decline in LDL cholesterol in subjects free of CHD 112 . The benefit of soy consumption was associated with baseline cholesterol levels, such that those with the highest cholesterol levels derived the maximum benefit (subjects with total cholesterol .335 mg/dL showed a 19% reduction in total and 24% reduction in LDL cholesterol). Cholesterol lowering of this magnitude could potentially reduce the risk for CAD by 20 -40%.
Soy is rich in isoflavones, compounds that are structurally and functionally similar to estrogen. Several animal experiments suggest that intake of these isoflavones may provide protection against CHD 114 , but human data on efficacy and safety are still awaited. Naturally occurring isoflavones, isolated with soy protein, reduced the plasma concentrations of total and LDL cholesterol without affecting the concentrations of triglycerides or HDL cholesterol in mildly hypercholesterolemic individuals, in a casein-controlled clinical trial 115 .
Dairy products
Milk and milk products are important contributors to dietary fat and can be high in saturated fat and cholesterol. They are also sources of minerals like potassium, magnesium and calcium. Milk protein has been implicated in a study reporting elevated levels of antibodies to milk protein in patients of myocardial infarction in comparison with healthy controls 116 . Dairy consumption has been correlated positively, in an ecological study, with blood cholesterol as well as coronary mortality. Milk consumption correlates positively with coronary mortality rates in 43 countries and with myocardial mortality in 19 regions of Europe 117, 118 . In contrast, a population based study in men of Japanese ancestry in Honolulu reported a reduced risk of ischaemic stroke in older middle-aged men, which could not be explained by the intake of dietary calcium 119 . On the basis of presently available evidence, reduced intake of high-fat dairy foods should be recommended for cardiovascular protection. Whether milk or milk products modified to substantially lower the content of saturated fat are associated with an increase or decrease in cardiovascular risk cannot be commented upon at present. They formed a component of the DASH diet which significantly lowered blood pressure and may be considered as part of a composite dietary advice.
Alcohol
The relationship of alcohol to overall mortality and cardiovascular mortality has generally been J-shaped, when studied in western populations in whom the rates of atherothrombotic vascular disorders are high 120 -124 . The protective effect of moderate ethanol consumption is primarily mediated through its effect on the risk of CHD, as supported by more than 60 prospective studies 121 . A consistent coronary protective effect has been observed for consumption of 1 -2 drinks per day of an alcohol containing beverage but heavy drinkers have higher total mortality than moderate drinkers or abstainers, as do binge drinkers. Moderate alcohol consumption (upto two drinks per day) has also been associated with a reduced risk of ischaemic stroke in men and women 125 . Long-term heavy alcohol consumption (. 60 g/d) increases an individual's risk for all stroke subtypes.
Several mechanisms for the cardioprotective effects of alcohol have been proposed: increase in plasma HDL cholesterol; reduced platelet aggregation or clotting; enhanced fibrinolysis; phenolic constituents of some alcoholic beverages acting as anti-oxidants or platelet inhibitors 126 . Genetic variations which slow alcohol metabolism have been shown to increase HDL cholesterol and reduce the risk of myocardial infarction 3 . Based on current evidence, the benefit of moderate alcohol consumption seems to be a generic effect regardless of the type of beverage 127 . While the specific advantages of red wine over other alcoholic beverages is unproven, the claimed beneficial effects of flavonoids on lipoprotein oxidation are available from grape juice as from wine 128 .
The possible beneficial effects of moderate ethanol consumption must be weighed against the deleterious effects of high intake, including increased risk of hypertension, cardiomyopathy and hemorrhagic stroke. Alcohol consumption, in excess of three drinks per day, is associated with a rise in blood pressure and plasma triglyceride levels. Reduction or cessation of alcohol consumption is a widely recommended measure for nonpharmacologic therapy of hypertension, in many international guidelines. The recommendations related to alcohol should be made in accordance with the cultural practices of the populations and the clinical profile of individuals, with advice to avoid excess in all cases. The optimal intake, for cardiovascular protection, depends on age, gender, presence of other risk factors or associated diseases and on the intake of folic acid. However, it is generally recommended to be about two drinks a day for men and one a day for women.
Eggs
They are unique because of their high-cholesterol content. Major effects on atherosclerosis are observed in experimental animals but extrapolation to humans is doubtful. A large observational study suggested that there was no increase in the risk of CHD up to one egg per day (except in a diabetic subgroup), in the US population 129 . In terms of global recommendations, it may still be prudent to limit the intake to 3-4 eggs per week.
Dietary patterns and composite dietary interventions
The Mediterranean diet The traditional Mediterranean diet has been described to have eight components: (i) high monounsaturated-tosaturated fat ratio, (ii) moderate ethanol consumption, (iii) high consumption of legumes, (iv) high consumption of cereals (including bread), (v) high consumption of fruits, (vi) high consumption of vegetables, (vii) low consumption of meat and meat products and (viii) moderate consumption of milk and dairy products 130 . Most of these are found in many diets. The characteristic component is olive oil, and many equate a Mediterranean diet with consumption of olive oil.
Based on ecological comparisons, Keys et al.
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hypothesised that traditional Mediterranean diet conferred protection against CVD and several other disorders, principally because of a low saturated fat content. Three prospective population studies in Greece, Denmark and Australia provided supportive evidence of protective effects on overall mortality 132 . However, this traditional form of 'Mediterranean diet' has not been tested in controlled clinical trials.
A secondary prevention trial of dietary intervention in survivors of a first recent myocardial infarction, which aimed to study the cardioprotective effects of a 'Mediterranean type' of diet, actually left out its most characteristic component, olive oil 133 . This diet was designed to supply , 35% of energy as fat, , 10% of energy as saturated fat, , 4% of the energy as LA (n-6) and . 0.6% of energy as ALNA (n-3). The main fat source was rapeseed oil. Vegetables and fruits were also increased in the diet. Two major biological factors were modified by the intervention: plasma levels of a-tocopherol and ascorbic acid were elevated and plasma n-3 fatty acids increased along with a decrease in n-6 fatty acids. Other biological mediators of altered risk, like flavonoids, folate and minerals like potassium were probably altered but not measured. While the initial publication reported a 70% reduction in recurrence of myocardial infarction and cardiac death, the 4-year follow-up study reported a 72% reduction in cardiac death and non-fatal myocardial infarction. The risk of overall mortality was lowered by 56% 11 .
Vegetarian diets
A reduced risk of CVD has been reported in populations of vegetarians living in affluent countries 134 -136 and in casecontrol comparisons in developing countries 137 . Reduced consumption of animal fat and increased consumption of fruit, vegetables, nuts and cereals may underlie such a protective effect. However, vegetarian diets per se need not be healthful 136 . If not well planned, they can contain a large amount of refined carbohydrates and t-FAs while being deficient in the levels of vegetable and fruit consumption. The composition of the vegetarian diet should, therefore, be defined in terms of its cardio protective constituents rather than use or endorse the 'vegetarian' label as an omnibus category.
'Prudent' vs. 'western' patterns Using factor analysis on a 131-item food frequency questionnaire, Hu et al. identified two major dietary patterns at baseline in 44,875 men followed up for 8 years in the Health Professionals Follow-up Study 138 . The 'prudent' pattern was characterised by higher intake of vegetables, fruit, legumes, whole grains, fish and poultry whereas the 'western' pattern was characterised by higher intake of red meat, processed meat, refined grains, sweets and dessert, French fries and high-fat dairy products. After adjustment for age and other coronary risk factors, relative risks, from the lowest to the highest quintiles of the prudent pattern score, were 1.0, 0.87, 0.79, 0.75 and 0.70. In contrast, the relative risks, across increasing quintiles of the western pattern, were 1.0, 1.21, 1.36, 1.40 and 1.64. These associations persisted in subgroup analyses according to cigarette smoking, body mass index and parental history of myocardial infarction.
DASH Diets
The effects of composite dietary interventions on blood pressure levels, in 'normotensive' and 'hypertensive' individuals, were studied in well designed clinical trials 80, 100 . The initial dietary intervention, used in the dietary approaches to stop hypertension (DASH) trial involved a diet that emphasised fruits, vegetables and lowfat dairy products and included whole grains, poultry, fish and nuts while reducing the amounts of red meat, sweets and sugar containing beverages. Two variants of the intervention diet were used: a fruit and vegetables (F -V) diet and a low-fat F-V (DASH) diet. The latter was designed to lower the intake of total and saturated fat as well as dietary cholesterol. In comparison with a 'typical' diet in the United States, both intervention diets lowered blood pressure but the DASH diet was more effective in substantially reducing systolic and diastolic blood pressures, both in people with hypertension and in those without hypertension 80 . The DASH diet was also demonstrated to be effective as first-line therapy in individuals with stage I isolated systolic hypertension (i.e. with a systolic blood pressure of 140-159 mmHg and a diastolic blood pressure below 90 mmHg), with 78% of the persons on the DASH diet reducing their systolic blood pressure to , 140 mmHg, in comparison to 24% in the control group 139 . The DASH diet resulted in lowering plasma levels of total cholesterol and LDL cholesterol but these changes were also accompanied by a reduction in HDL cholesterol levels 140 . While the Framingham risk score improved as a result of the impact on total and LDL cholesterol as well as blood pressure, the impact of the associated reduction in HDL cholesterol needs to be assessed.
The DASH trial was followed by a well designed factorial trial combining the DASH diet with high, intermediate and low levels of sodium consumption and measuring the effects on blood pressure, in comparison to a control diet typical of the United States, administered with similar graded variations in the sodium content 100 . Within each assigned group (DASH vs. typical), participants ate foods with high intermediate and low levels of sodium for 30 consecutive days each, in random order. Reduction in sodium intake, at each level, resulted in significant lowering of systolic and diastolic blood pressures in both DASH and control groups. The fall was, however, maximal when the DASH diet was modified to reduce the sodium content. As compared with the control diet with a high sodium level, the DASH diet with a low sodium level led to a mean systolic blood pressure that was 7.1 mmHg lower in participants without hypertension and 11.5 mmHg lower in participants with hypertension. There was also a 2 4.5 mmHg difference in the mean diastolic pressure level, between the low sodium-DASH diet phase and the high sodium-control diet phase of the trial. The effects of the low sodium-DASH diet have a great potential for application in both population based and individual focused strategies for prevention and control of HBP and associated CVD. Adoption of the low sodium-DASH diet, by populations at large, is likely to be safe and beneficial in shifting the population distributions of blood pressure (and plasma cholesterol) towards lower levels of cumulative risk of CVD in those populations. Similarly, this diet will also provide an effective non-pharmacological therapeutic intervention in the clinical management of individuals identified to be at an increased risk of CVD because of HBP and associated risk factors.
Japanese diet
The traditional Japanese diet has attracted much attention because of the highest life expectancy and low CHD mortality rates among the Japanese 141, 142 . This diet is low in fat and sugar and includes soy, seaweeds, raw fish and a predominant use of rice. It has been high in salt, but salt consumption has recently been declining in response to Japanese Health Ministry guidelines. There is also recent trend towards increased fat consumption and plasma cholesterol levels have risen, and their effects on CHD and CVD mortality rates need to be watched.
Implications for policy
The rising global burden of CVD requires a rapid response that integrates policies and programmes which enable effective prevention and control in diverse geographical and resource settings. Diet and nutrition play a critical role in the causation of major CVDs and, along with physical activity, influence many of the biologic variables that mediate the risk of those diseases. There is, therefore, an opportunity to alter the direction and dimensions of the global CVD epidemic through policy interventions (at the local, national and global levels), which promote the availability, affordability and acceptability of health promoting diets and restrain the marketing and consumption of unhealthy foods.
Currently available evidence strongly indicates that cardiovascular health is strongly influenced by the quality of dietary fat and the quantity of fruits and vegetables as well as salt consumed daily. While several other food items also contribute to enhanced or decreased risk of CVD, these remain the principal determinants of diet related CVD risk. Whether the evidence is derived from demonstration projects, controlled clinical trials or an ecological study of reasons for sharp decrease in coronary mortality in Poland since 1991, the evidence suggests that dietary changes can substantially alter the risk of CVD 143 . Policies must, therefore, address these directly and decisively.
These measures must encompass a wide range of educational as well as regulatory measures, acting through price and non-price mechanisms. That success in reducing CVD risk factor levels as well as CVD mortality is achievable through such measures that influence usual diet patterns is clear from the experience of developed countries 144 . Developing countries like Mauritius too have shown that population levels of CVD risk factors can be altered by a combination of community education and regulatory interventions related to the price of edible oils 145 . Measures to influence the quality of dietary fat (as well as the total quantity) consumed must address the elimination of trans-fats and reduction of saturated fats from the daily diet. Governments must work with the food industry to influence production, processing, pricing and labelling of food products so that these goals can be met. Consumer education must be enhanced so that informed choices can be made, even as the availability of healthier foods is promoted through such measures. As market economy becomes a globally pervasive economic model, it must be recognised that markets are not autonomous entities and should be moulded, for public good, by consumer consciousness as well as enlightened regulatory measures.
Edible oil production and pricing is a case where such policy measures are strongly indicated. Global nutrition transition is being propelled by the increasing availability and utilisation of vegetable oils in developing countries 146 . The production of oils for mass consumption, with respect to SFA, MFA and PUFA content as well as preferential pricing of low-SFA oils are areas of policy which need early attention and action. Mixture of edible oils for marketing and genetic modification of crops, for attainting optimal fatty acid ratios are options to consider 42, 147 . The production, preservation, processing, distribution and pricing of fresh fruits and vegetables (especially green leafy vegetables) require agricultural and trade policies that ensure their availability for universal consumption in adequate quantities. The ambit of policy change has to encompass and integrate a variety of local and global responses, from community based programmes for increasing local production and self-sufficiency to national programmes that usher in a 'rainbow revolution' to global trade policies that do not promote polarised consumption of these essential foods only in some countries.
The goals of cardiovascular health need to be reconciled with other public health objectives, as in the case of salt. Reduced salt consumption must be promoted through a combination of community education, altered production practices in food manufacturing and labelling of marketed food products for their salt content. At the same time, it must be recognised that salt is now being widely used and advocated as a vehicle for iodine delivery through diet. There is a clear need for ensuring that these two public health programmes do not collide in their intent and operations, perhaps by increasing the iodine concentration in salt or choosing alternate modes of iodine delivery.
Globalisation offers a formidable challenge to the implementation of nutritional policies at the national level, as relevant to the needs of cardiovascular health. From documented evidence of the extensive diversion of fruits from domestic to export markets 148 to the recent UNEP caution on the consequences of selling fishing rights 149 , it is a matter of concern that developing countries are increasingly losing nutrient rich food resources, which adversely affect local consumption. At the same time, the growth of the global fast food industry and the rapid penetration of high-salt, high-SFA, high-energy processed foods into developing country markets is promoting the consumption of foods detrimental to cardiovascular health. Global and national policies, in agriculture and trade, must speedily address these concerns and find sustainable solutions.
Even in clinical practice, the role of diet as an effective instrument of primary and secondary prevention of CVD must be emphasised. National and international guidelines must accord this component due prominence and provide clarity of content. In terms of implementation of these guidelines, health professionals must be trained to comprehend and communicate dietary advice through counselling contacts with individuals and groups. Dietary advice must not be regarded merely as a 'politically correct' adjunct to a pharmacologic prescription but must be treated as an effective pathway to risk reduction. Food-based dietary guidelines too need to be developed, as appropriate to local, regional or national context to enable people, patients, professionals and policy makers to clearly identify the practical dietary measures required to promote cardiovascular health.
Such proactive policy and programme initiatives to promote and protect global cardiovascular health through diet and nutrition need to be brought onto the national and global health agenda through multi-institutional collaboration and implemented through inter-sectoral coordination. It would require wide ranging public -private partnerships as well as a strong participation by the voluntary sector to advance this agenda. WHO and FAO are best positioned to inform and invigorate such global and national action, through their Member States and partners.
Diet and CVD: summary of evidence and recommendations
Based on the experimental and observational evidence reviewed in the foregoing sections, the risk associations of dietary constituents with CVD (CHD/HBP/stroke/arrhythmias) may be summarised as follows (Table 1) .
Dietary recommendations
Fats
Dietary intake of fats, especially the qualitative composition of fats in the diet, strongly influences the risk of CVDs like CHD and stroke, through effects on blood . A low intake of SFAs: less than 7% of daily energy intake (within these limits, intake of foods rich in myristic and palmitic acids should be especially reduced). . A very low intake of t-FAs (hydrogenated oils and fats):
less than 1% of daily energy intake. . Adequate intake of PUFAs: 6-10% of daily energy intake, with an optimal balance of n-6 and n-3 PUFA at 5 -8% and 1 -2% levels of daily energy intake, respectively. . Intake of MUFA to make up the rest of daily energy intake from fats, with daily total fat intake ranging between 15 and 30% of daily energy intake (this may be based on current levels of population consumption in different regions and modified in accordance with age, activity and goals of body weight). . While there is no evidence that links the quantity of dietary fat to CVD, independent of the effects of fat composition and unhealthy weight gain, there are concerns over potential excess energy consumption associated with an unrestricted fat intake. These support a recommendation that fat intake should not exceed 30% of daily energy intake. However, in very active groups with healthy dietary practices and stable healthy weight, fat intake may go up to 35% of energy. . Dietary cholesterol consumption should be restricted to less than 300 mg/d, mainly through the restriction of dairy fats. . These dietary goals can be met by limiting the intake of fat from dairy and meat sources, avoiding the use of hydrogenated oils and fats in cooking and manufacture of food products, using appropriate edible vegetable oils in moderation, regular intake of fish (1 -2 times per week) and/or plant sources of ALNA. Practices of food preparation should preferentially employ non-frying methods.
Fruits and vegetables
Fruits and vegetables contribute to cardiovascular health through a variety of phyto-nutrients, potassium and fibre. Daily intake of fresh fruit and vegetables (including berries, green leafy and cruciferous vegetables and legumes), in an adequate quantity (400 -500 g/d) is recommended to reduce the risk of CHD, stroke and HBP.
Sodium
Dietary intake of sodium, from all sources, influences blood pressure levels in populations and should be limited so as to reduce the risk of CHD and both forms of stroke. Current evidence suggests that an intake of 70 mmol or 1.7 g of sodium per day (equivalent to a daily sodium chloride intake of 4 g/d) is beneficial in reducing blood pressure and is not associated with adverse effects. Limitation of dietary sodium intake to meet these goals should be achieved by:
. Restricting daily salt (sodium chloride) intake to less than 5 g/d. This will enable many populations to move towards the goal of around 4 g/d, from their current high intakes. This should take into account total sodium intake from all dietary sources. . Minimising other forms of sodium consumption such as through food additives or preservatives, such as monosodium glutamate (MSG).
Potassium
Dietary intake of potassium lowers blood pressure and is protective against stroke and cardiac arrhythmias. Potassium intake should be at a level which will keep the sodium:potassium ratio close to 1, i.e. at daily potassium intake levels of 70 -80 mmol/d. This may be achieved through adequate daily consumption of fruits and vegetables. Such a balance may also be obtained through use of potassium enriched low sodium salt substitutes.
Non-starch polysaccharides (commonly referred to as fibre) Fibre is protective against CHD and has also been used in blood pressure lowering diets. Adequate intake may be achieved through fruits, vegetables and whole grain cereals.
Fish
Regular fish consumption, as consumed on a weekly basis, is protective against CHD and ischaemic stroke and is recommended for persons whose cultural beliefs do no prohibit the consumption of fish. The consumption of fish and other marine foods should provide over 200 mg/d of DHA and EPA.
Alcohol
While regular low to moderate consumption of alcohol is protective against CHD, concerns about other cardiovascular and health risks associated with alcohol consumption (including stroke, hypertension and some cancers) do not favour a general recommendation for its use.
Research recommendations
i. Clinical trials using composite dietary interventions (such as the low sodium-DASH diet or a low sodium-Lyon diet) to evaluate the impact on:
. comprehensive (absolute) cardiovascular risk profile, incorporating multiple cardiovascular risk factors
. cardiovascular events (fatal and non-fatal MI, stroke and sudden cardiac death) . total mortality.
ii. Clinical trials to evaluate the impact of ALNA, as a sole dietary intervention, on cardiovascular endpoints and total mortality. iii. Demonstration projects, in developing countries, to evaluate the impact of culturally appropriate interventions incorporating principles of healthy diets and regular physical activity on cardiovascular risk factors distributions in populations. This should also incorporate research into the factors that determine and influence change in health behaviours related to dietary intake and physical activity. iv. Policy research to evaluate the impact of current agricultural and trade practices on dietary patterns in different national/regional settings.
Recommendations to national governments
i. Develop and implement food and agriculture policies, which will enable adequate production and domestic supply of fruits, vegetables and whole grain cereals, at affordable prices to all segments of the population. ii. Develop and implement policies related to edible oil production and domestic supply, which will enable consumers to exercise healthier choices, in accordance with the nutrient recommendations made in this report. iii. Employ regulatory measures to restrict the hydrogenation of oils and fats intended for dietary consumption or manufacture of food products. iv. Enact and enforce measures for labelling of food products, with respect to their sodium and fatty acid content, with clear codes, which will enable consumers to readily identify products with high sodium and/or fatty acid content. v. Develop and implement policies, which will enable adequate sustainable supply of fish in domestic markets. vi. Facilitate the development of national food based dietary guidelines through consultation with nutrition experts and community representatives. vii. Develop and implement policies involving urban planning and transport to create facilities for supporting regular physical activity by all people of all ages. viii. Develop national standards for manufacture and marketing of fats and oils. ix. Utilise mass communication channels to promote national and community-based nutrition education.
Recommendations to UN/bilateral agencies i. Facilitate the development of global trade policies which will ensure adequate supply of health promoting foods to all population groups of the world, through appropriate measures related to production subsidies, pricing and transnational movement (WTO, WHO, FAO). ii. Facilitate the development of national food based dietary guidelines, in collaboration with national agencies (WHO, FAO). iii. Assist in developing and testing models of community empowerment, involving local production, nutrition education and enhanced consumer consciousness (WHO, UNDP, UNICEF). iv. Support research for developing and testing culturespecific interventions for promoting populationwide changes in dietary preferences and practices as well as regular physical activity (WHO, FAO, Bilateral Agencies). v. Undertake country case-studies of the effects of agricultural and trade practices on nutrition and health (WHO, FAO).
Recommendations to industry i. Make low sodium and low fat foods widely available in the market, through appropriate manufacturing practices and lower the sodium content of regularly consumed foods like breads and cereals. ii. Implement effective food labelling practices that will help consumers exercise informed choice with respect to sodium and fatty acid content of purchased foods.
